Members of a family of DNA sequences of Xanorxis lasvls have been cloned and sequenced. Molecular analyses revealed that these sequences are moderately repetitive and dispersed throughout the genome. The sequences of seven clones were compared. Two of the clones lie In the globln gene cluster; one 5' to the adult ct1 gene, and the other In the first Intron of the tadpole a1 gene. In all clones, the homologous region begins at the same site, but the lengths of the common regions vary from 123 bp to over 320 bp due to heterogeneous 3' ends. Some of the repeats are bracketed by direct and/or inverted repeats, and relatively large palindromes were found 5' to the common region In some clones. These characteristics, and the presence of a repeat 5' to one of a pair of duplicated a genes suggests that some family members may be capable of transposition. A number of Interesting features were found In the sequences, including multiple elements similar to the yeast autonomously replicating sequence, and a sequence which is about 80% homologous to the first 30 bases of the SV40 enhancer. Transcription studies revealed that homologous transcripts are detectable beginning at neurulatlon, increase In concentration up to stage 45, and disappear by metamorphosis. Implications of these data are discussed.
INTRODUCTION
We have previously reported the cloning and partial characterization of a DNA sequence from XenoDus laevis. This sequence, termed Xorl (X.enopus origin), was observed to enhance the repllcative ability of vector molecules upon mlcroinjection Into Xenopus eggs (1, 2) . However, the validity of this assay system for determining specific replication of cloned sequences has been challenged (3), as well as defended (4) . In light of this discrepancy, and for the lack of a definitive assay for identifying eukaryotic origins, the experiments described here were Initiated in order to obtain more Information on the genomic distribution and sequence organization of clones homologous to Xori, in the hope of shedding light on their possible biological function(s). -Preliminary studies revealed that Xori belongs to a family of moderately repetitive DNA sequences. In Xenoous. a number of repetitive sequence families have been characterized. These Include satellite sequences (5, 6) , dispersed repeats (5, (7) (8) (9) (10) (11) (12) , and tandem repeats (7, (13) (14) .
Members of several of the repeat families have partial sequence homologies, and some are transcribed at distinct developmental stages. For example, the OAX element (13) is heavily transcribed in oocytes, the 1723 element (8) is found as a nuclear transcript in a number of cell types, and the REM elements (7) are differentially transcribed during early development.
Other elements which reside in Introns are transcribed as part of hnRNA (11, 15) .
The functlon (8) of these Xenoous repeat families has not been elucidated. Many contain translational stop codons which seems to preclude a role for protein products. Some families have sequence motifs characteristic of transposable genetic elements (11, 16) , and may be little more than orphons (17) or "selfish DNA" (18) . However, the existence of stage specific transcripts is consistent with the hypothesis that some of the repeats play regulatory roles (19, 20) .
We have cloned additional members of the Xori family. The goal of this study was to characterize these sequences and assay them for biological function. To this end we have sequenced additional clones and determined the copy number and genomlc distribution of the repeat family. Our studies have revealed that Xori family members share elements of sequence organization amongst themselves and with the human Alu sequences (21) , and also have features of transposable elements. Additionally, we have also used the clones as probes to demonstrate that Xori repeats are temporally transcribed during the course of Xenopus embryogenesis.
MATERIALS AND METHODS

Biological and Genetic Materials
Frogs JXenopus laevls) were purchased from Xenopus I (Ann Arbor, Ml) or Carolina Biological Supply (Burlington, N.C.). The Xenopus kidney cell line A6 was obtained from the American Type Culture Collection (CCL 102), and was maintained at 25°C on 75% F10 medium supplemented with 10% fetal calf serum and diluted an additk>nal15% with water. The plasm id pXGa|31 (22) was provided by Dr. Roger Patient, Kings College, London, and plasmid pSW14 (pJCC31) was provided by Dr. Shinlchl Watanabe of this laboratory. A partial library was prepared from Xnnopua laevis liver DNA by standard procedures (23) . Recomblnant phage were screened by the method of Benton and Davis (24), using nick-translated Xori (the Insert of clone pSW14 (pJCC31)). Selected clones were purified and Inserts were subdoned Into pUC9 (25) for subsequent analyses. All recomblnant DNA techniques were carried out under P2 conditions.
DNA Sequence Analysis
Pertinent restriction fragments of selected clones were end-labeled and sequenced by partial chemical degradation (26) . In addition, a G+A reaction (27) , and a T reaction (28) , were Included to reduce ambiguity. Sequence data were compared by computer analysis using standard programs (29) .
DNA and RNA preparation DNA was prepared from the liver of male frogs as previously described (30) , and subsequently purified by isopycnlc centrifugation In CsCI. Plasmid DNAs were Isolated by an alkaline/acid extraction procedure (23) , and in some cases were CsCI purified.
RNA was Isolated from various developmental stages as follows. Fertilized eggs were obtained from Dr. John Newport, University of California, San Diego. Twenty minutes after fertilization, eggs were dejellied with 2% cystelne, washed, and transferred to MMR medium (31) , diluted five fold with water. Some stages were obtained from Xenopus I (Ann Arbor, Ml).
Embryos were grown in the laboratory at 22-24°C until they reached specific developmental stages (32) . Staged embryos were placed in a tissue homogenizer and homogenized in a 4M guanidinium isothiocyanate solution (33) , then layered onto 2.5 ml of 5.7M CsCI In 0.1 M EDTA.
Samples were centrifuged at 35,000 rpm for 16 hrs In a Beckman SW50.1 rotor. Larger, more advanced stages were frozen, disrupted with a Polytron mixer, and RNA purified by gradient centrifugation. The RNA pellets were resuspended in 1ml of TES (10mM Tris, pH 7.5, 5mM EDTA, and 1% SDS), and phenol/chloroform extracted until no interface material remained. Following ethanol precipiation, contaminating DNA was removed by digestion with DNAse I (Promega Biotec) essentially as described by the manufacturer. RNA was then purified by phenol/chloroform and chloroform extractions, and precipitated with ethanol.
Dot Blot and Northern Hybridizations
RNA purified from various stages of development was resuspended in sterile water, and an aliquot was used to determine the RNA concentration. Equal amounts of total RNA were denatured in 50% formamlde, 6% formaldehyde, at 55°C for 20 min, then loaded on a 1% denaturing formaldehyde agarose gel, or onto nitrocellulose through the wells of a dot blot manifold.
Electrophoresls was carried out at 8 V/cm in MOPS buffer (23) . Lanes containing markers were removed and stained with ethidium bromide. RNA was transferred directly to nitrocellulose in 20X SSPE. Filters were air dried, baked at 80°C in a vacuum oven for several hours, and prehybridized in a solution containing 50% formamlde, 5X SSPE, 5X Denhardts solution, and 200 ng/ml of sonicated herring sperm DNA. Hybridizations were performed overnight at 42°C In a minimal volume of prehybridlzatlon solution containing a nick translated probe. Filters were then washed at room temperature with four changes of 2X SSPE. Higher stringency washes (0.2X SSC, 50°C) were also performed, and similar patterns of hybridization were observed.
Copy Number Determinations
A 450 bp Eco Rl/Hinc II fragment of pDR911(XI 1:1) was gel purified, and the amount of DNA quantitated by determining the optical density of the solution. Dilutions of the fragment were made, and the DNA denatured in 0.2N NaOH for 10 min at 60°C. Following neutralization, the dilutions were loaded onto nitrocellulose through the wells of a dot blot manifold. Xenopus DNA was also quantitated by absorbance, restricted with Pst I, and dilutions were loaded onto nitrocellulose as previously described. The wells of the apparatus were washed three times with 10X SSPE, and the filter was baked for two hours at 80°C in a vacuum oven. Prehybridization and hybridization (using a nick translated XI 1:1 probe) were carried out as described above. 8 to 1 x 10 10 copies, were denatured and immobilized to nitrocellulose as described in the materials and methods. Xenoous DNA was restricted with Pst I, and dilutions were also applied to the filter. Hybridization was conducted with a nicktranslated XI 1:1 probe. The dilutions of XI1:1 were used to construct a standard curve, and the values obtained (In cpm) for the various dilutions of Xenopus DNA were plotted on the line. These values correspond to a specific copy number for a particular dilution of DNA. The absolute copy number was calculated by assuming a genome size of 6. Preliminary copy number experiments using a Xorl probe indicated that there were nearly 50,000 copies of Xori-like sequences in the diploid genome. However, after comparing the sequences of the additional clones (see below), we found that the prototype was truncated relative to our other clones. Thus, a 450bp Eco Rl/Hinc II fragment of clone pDR911 (XI1:1), was used In subsequent copy number experiments, as this fragment is more representative of the group than Is Xorl.
To determine the copy number of Xorl sequences, measured amounts of X11:1 were
Immobilized on nitrocellulose and used as a hybridization standard. Dilutions of Xenopus DNA were also spotted onto the filter, which was then hybridized to a nick-translated XI 1:1 probe.
For dilutions which ranged from 0.125 \ig to 2.0 u.g, values of 27,000 to 33,500 copies per genome were obtained, with a mean value of 30,110 copies per genome ( Figure 3 ). This figure is about twice the value reported by Meyerhof et al. (9) , and this discrepancy could be due to the length of fragments used in hybridization experiments (their clone 9 is truncated relative to XI 1:1, see Figure 4 ). The post-hybridization washes were performed to allow for approximately 20% mismatch, a value near that observed when individual sequences were compared to the consensus sequence (see Methods and Figures 3 and 4) . However, this value is likely an underestimate of the true copy number due to mispairing of our probe with more divergent Xori repeats. Taken together, the hybridization experiments indicate that Xori is a moderately repetitive sequence, which Is apparently dispersed throughout the genome.
Sequence analysis of dispersed repeats
In addition to Xori, the three additional clones, pDR911, pDR924, and pDR936, were mapped and the regions homologous to Xori were sequenced. These sequences, and those of a1 DNA. However, RNAs were purified from density gradients and subjected to digestion with DNase I. Thus, we infer that these signals arise from large transcripts, probably hnRNAs.
Additionally, blots probed with XI1:1 showed a similar developmental pattern, yet discrete bands were observed In the background smear ( Figure 6B ). Together, Xorl (pSW14) and XI1:1 have about 400bp of non-homologous sequences, and these regions flanking the consensus sequence may be responsible for the differential patterns of hybridization.
In order to more accurately quantitate the level of transcription of the repeats at different stages and to prove that hybridization signals seen on Northern blots are not due to DNA, we employed a dot blot assay ( Figure 6C ). Samples up to and including stage 45 were prepared in duplicate, and one group was subjected to alkaline hydrolysis before blotting. After hybridization to nick-translated Xorl, a pattern similar to that observed In Northern blotting experiments was revealed. Hybridization was quantitated by scanning the dots with an LKB UltroScan laser densiometer. In stage 45 embryos, Xori transcripts are 10 to 11 fold more abundant than in gastrula, and about five fold more abundant than in neurula (data not shown).
Samples treated with NaOH did not give rise to a signal, indicating that contaminating DNA is not a factor. Thus, some of the repeats are temporally transcribed during early development, probably as elements of stage specific hnRNAs.
DISCUSSION
The experiments described here were Initiated In order to obtain more Information on the subsequent 'retro-transposition' of incomplete copies to new loci (38) . As the Alu sequences also contain A-rich 3' ends, they may also move by such a mechanism. Xori elements differ from both of these repeat families in that their 3' ends are not particularly A-rlch, and presumably they are not good templates for reverse transcription.
It is significant that the longer clones are delimited by inverted repeats ( Figure 5 ), a characteristic of some transposable elements. Several laboratories have reported finding repeats In Xenopus which have direct/Inverted repeat structures similar to those of both eukaryotlc and prokaryotlc trartsposons (39) . These Include the VI element found in the vltellogenin gene loci (11), the 1723 element (40) , and the Tx1 element (16) . Xori, however, does not have direct repeats which immediately flank the inverted repeats, but short direct repeats are found near the putative termini ( Figure 5 ). There have been reports which Indicate that some families of transposons do not generate direct repeats (41) (42) (43) , and transposition models involving blunt-end intermediates can be envisioned. Additionally, Cohen et al. (44) reported that the ISTU4 element found in the the sea urchin, Stronavlocentrotus ourouratiiR.
has short direct repeats which flank the element but are not immediately adjacent to its termini.
Similar structures are found associated with the Cla elements of Chlronomus (45) . These studies suggest that there may be multiple transposition mechanisms In the same organism, and some apparently do not Involve duplication of DNA at the target sites. (48), and many more initiation points are required for genome duplication. This number Is certainly greater than Xori's copy number, but these sequences could still be used if the chromatln conformation in embryos allows such sequences to be used at multiple sites (for example, attachment points on the nuclear membrane).
In contrast to our previous reports (1, 2) Thus, only one round of semi-conservative DNA replication In higher cells Is required to produce plasmid templates which are completely resistant to Dpn I cleavage. We found that all constructs were completely cleaved to the fragment sizes predicted if no replication occurred.
However, in samples not subjected to Dpn I cleavage, clones pDR911 and pDR924 gave rise to novel plasmid conformations (new bands observed on Southern blots), whereas other clones and pUC9 did not (37) . We suggest that although the plasm Ids did not replicate by the criteria of our assay, sequences present in these clones are recognized by cellular DNA modifying enzymes. A number of stage specific cDNAs have been isolated (9, (53) (54) (55) , and the expression of these sequences during development has been studied In detail. Similarly, developmental^ regulated transcription of repetitive sequences has been reported (7) (8) (9) (10) 56) . The data from Meyerhof et al. (9) are for clone 9, a truncated Xori repeat. This group reported that clone 9 was isolated as a gastrula cDNA, and that transcripts are detectable only in the nuclei of neurula and tadpoles.
Our work has shown that, at lower stringencies, transcripts can be detected possibly as early as Computer analysis of the sequences presented here reveals that one or more translational stop codons is present in all six reading frames, similar to other cloned repeats. Xori clone 9
transcripts are located primarily in the nucleus (9) , and the 1723 repeat sequence transcripts are predominantly nuclear (8) . One interpretlon of these data is that repeats are spliced out of hnRNAs, and this has been demonstrated for middle repetitive DNA located in introns in the Xenopus vitellogenin genes (10). These observations suggest that repeats such as Xori are not translated, and may not contribute to the phenotype of the cell (18) . An alternative is that some repeats participate in gene regulation, possibly serving structural roles (19) . In this context, recent experiments using anti-sense RNAs to block gene expression (presumably by blocking translation or nuclear export; ref. [58] [59] [60] suggest that perhaps anti-sense RNA is used in vivo during developmental transitions to modulate gene expression. In prokaryotes, it has been demonstrated that anti-sense RNAs play roles in DNA replication (61) , gene expression (62), and are involved in regulating the production of the TN10 transposase (63) . The latter observation Implies that transposition is also regulated by complementary RNAs.
Despite the structural similarity to or the sequence homology with sequences of known biological function (yeast ARS, SV40 enhancer, transposable elements), the role of Xorl-like sequences in Xenopus development remains obscure. The fact that these sequences are transcribed during a short period of embryogenesis suggests that they serve some role during this critical stage of development. Microinjection of Xori transcripts into early developmental stages (where they are not usually found) could provide some evidence for the participation of these sequences in the heirarchy of genetic regulation.
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